Background and Purpose-Subfebrile body temperature and fever in the first days after stroke are strongly associated with unfavorable outcome. A subgroup analysis of a previous trial suggested that early treatment with paracetamol may improve functional outcome in patients with acute stroke and a body temperature of ≥36.5°C. In the present trial, we aimed to confirm this finding. Methods-PAIS 2 (Paracetamol [Acetaminophen] in Stroke 2) was a multicenter, randomized, double-blind, placebo-controlled clinical trial. We aimed to include 1500 patients with acute ischemic stroke or intracerebral hemorrhage within 12 hours of symptom onset. Patients were treated with paracetamol in a daily dose of 6 g or matching placebo for 3 consecutive days.
H igh body temperatures after stroke are associated with unfavorable outcome. 1 The risk of poor outcome doubles with every degree Celsius increase in body temperature measured within the first 12 hours from stroke onset. 2 Animal studies have shown that high body temperature results in increased ischemic damage through increased cerebral metabolic demands, damage of the blood-brain barrier, acidosis, and an increased release of excitatory amino acids. 3 Lowering body temperature and prevention of fever are, therefore, simple and promising approaches to improve functional outcome after stroke.
There is currently no evidence that strategies to prevent or treat high body temperature reduce case fatality and improve functional outcome after stroke. US stroke guidelines
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recommend the use of antipyretic drugs when body temperature exceeds 38.0°C. 4 European Stroke Organisation guidelines do not make any recommendation for treating hyperthermia as a means to improve outcome in patients with ischemic stroke and recommend further research. 5 A possible concern with routine prescription of antipyretic drugs is that this may delay the diagnosis of an infection.
Paracetamol is one of the most commonly prescribed antipyretic drugs. It blocks cerebral cyclooxygenase-2 and lowers cerebral prostaglandin E2 production. 6 In patients with acute stroke, treatment with high-dose paracetamol reduces body temperature by ≈0.3°C within 4 hours after start of treatment. 7 A post hoc analysis of the PAIS trial (Paracetamol [Acetaminophen] in Stroke) suggested that treatment with high-dose paracetamol within 12 hours after stroke onset might improve functional outcome in patients with a body temperature of ≥36.5°C (odds ratio [OR], 1.31; 95% confidence interval [CI], 1.01-1.97). 8, 9 The large majority of these patients (n=1.022 [73%]) had a baseline temperature between 36.5°C and 38.0°C and would not have received paracetamol according to the aforementioned guidelines. Although the observed benefit of paracetamol in patients with temperatures >36.5°C is biologically plausible, this should be interpreted with caution because this concerns a subgroup analysis within a randomized clinical trial in which no overall statistically significant benefit could be demonstrated. Confirmation of this observation in an independent study is, therefore, needed. 10 Hence, the aim of PAIS 2 was to assess the effect of high-dose paracetamol on functional outcome in patients with acute stroke and a body temperature of ≥36.5°C in the first 12 hours after stroke onset.
Methods

Study Design and Randomization
PAIS 2 was a multicenter, randomized, double-blind, placebo-controlled clinical trial. The study protocol has been published previously. 9 In short, patients were randomly allocated to treatment with high-dose paracetamol (intervention group) or placebo (control group) in a 1:1 allocation ratio. Treatment allocation was based on a computer-generated list of random numbers with varying block size, linked to a unique treatment number. The list was provided by the independent trial statistician. Local investigators enrolled the patients, and the patients were assigned a box, labeled with a unique study number, containing study medication. Treatment allocation was masked for everyone, except the trial statistician, throughout the trial. The study was approved by a central research ethics committee and the research board of each of the 11 participating centers. All patients or their legal representatives provided written informed consent. The trial was registered in the Netherlands Trial Register (NTR2365) and funded by the Foundation for Neurovascular Research Rotterdam.
Patients
Patients were eligible for inclusion if they had a diagnosis of ischemic stroke or intracerebral hemorrhage, had a body temperature of ≥36.5°C, were ≥18 years, and could be treated within 12 hours after stroke onset. Exclusion criteria were a history of liver disease or alcohol abuse, allergy to paracetamol, liver enzymes (aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, or gamma-glutamyl transpeptidase) increased above twice the upper limit of normal values, death appearing imminent at the time of inclusion, and any prestroke impairment that has led to dependency (modified Rankin Scale [mRS] score >2) and therefore interfering with the assessment of functional outcome.
Procedures
Before inclusion, the diagnosis of ischemic stroke or intracerebral hemorrhage was confirmed by computed tomography or magnetic resonance imaging. Patients were treated with high-dose paracetamol (6 g daily) or matching placebo, started within 12 hours after onset of symptoms and continued for 72 hours or until discharge from hospital if earlier. The study medication (active compound and placebo) was administered through identical tablets or suppositories. In Table 1 Treatment with study medication within 6 h after onset of symptoms 68 (50%) 63 (53%)
CRP indicates C-reactive protein; IQR, interquartile range; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; r-tPA, recombinant tissue-type plasminogen activator; and SD, standard deviation.
*Based on the definitions of the Trial of ORG 10172 in Acute Stroke Therapy (TOAST) criteria.
the first 3 days of enrollment, concurrent treatment with open-label paracetamol was not allowed. The use of other antipyretic medication was allowed. Baseline characteristics were collected, and at 3 months, outcome scores and (serious) adverse events, including infections, were assessed by telephone interview by experienced research nurses of the trial office of the neurovascular division of the Erasmus MC University Medical Center Rotterdam. For more details, we refer to the study protocol. 
Outcome
The primary outcome was the shift on the mRS score at 90 days. 11 Secondary outcomes were body temperature at 24 hours after start of treatment, unfavorable outcome at 90 days, defined as a score on the mRS of ≥3, activities of daily life, measured with the Barthel Index, 12 and quality of life, measured with the EuroQol 5D 3L score at 90 days, estimated with the Dutch tariff. 13 
Sample Size
We assumed an effect of paracetamol that leads to a 7% absolute increase in the cumulative proportion of patients with mRS score between 0 and 2 in the paracetamol group, compared with that of the placebo. We used a power (1-beta) of 0.85 to detect a significant difference in the scores on the mRS of the paracetamol group compared with the placebo group at a level of significance of 0.05. The total study size needed was calculated and rounded to 1500 patients.
Statistical Analysis
Statistical analyses were performed according to the intention-totreat principle. The primary effect estimate was the common OR of improvement on the mRS score assessed by means of multiple ordinal logistic regression analysis. A common OR >1 would indicate a positive effect of treatment, with shift toward better functional outcome. Adjustments were made for age, National Institutes of Health Stroke Scale at admission, and stroke type. For the continuous variables EuroQol 5D 3L and body temperature difference, we used linear regression analysis. We tested for heterogeneity of treatment effect across important clinical subgroups of patients, as defined in the study protocol. 9 We also performed a systemic review of literature and updated a previous meta-analysis of paracetamol in acute stroke, both for all patients and for patients with a body temperature of ≥36.5°C (when data available). 8 Data were added to the meta-analysis at individual patient level. Favorable outcome in Figure 1 . Distribution of the scores on the modified Rankin Scale (mRS) at 90 days. 
Results
Baseline Characteristics
Recruitment started in December 2011, and inclusion was halted on October 1, 2014, because of slow recruitment and lack of funding. The trial ended on January 1, 2015. In total, 256 patients were randomized, of whom 136 (53%) were allocated to paracetamol ( Figure I in the online-only Data Supplement). Two patients withdrew informed consent. Mean age was 69 years in both groups. Baseline characteristics did not differ between the treatment groups, except for sex (paracetamol 50% men; placebo 64% men; Table 1 ). Two patients (0.4%) were lost to follow-up.
Clinical Outcomes
We found no difference in improvement on the mRS score between patients treated with paracetamol and those treated with placebo (common OR, 1.02; 95% CI, 0.66-1.58; Figure  1 ). Adjustment for age, National Institutes of Health Stroke Scale at admission, and stroke type had no appreciable effect (adjusted common OR, 1.15; (95% CI, 0.74-1.79). The treatment had no effect on secondary outcome measures (Table 2) , except for body temperature at 24 hours, which was significantly lower in paracetamol-treated patients compared with that of control patients (median body temperature at 24 hours in paracetamol-treated patients 36.8°C versus 37.0°C in placebo-treated patients; mean temperature difference −0.27°C; 95% CI, −0.44°C to −0.11°C). We did not find a statistically significant effect of paracetamol on functional outcome in any prespecified subgroup ( Figure II in the online-only Data Supplement).
Safety Outcomes
Mortality at 3 months did not differ between the paracetamol and placebo groups (n=11 [8%] versus n=15 [13%], Figure 2 . Updated meta-analysis of all studies with paracetamol after acute stroke. Favorable outcome is defined as a modified Rankin Scale (mRS) score 0 to 2. An odds ratio (OR) >1 indicates a positive effect of treatment. CI indicates confidence interval.
respectively). There were no cases of liver failure, and the rate of infections was similar in both groups (Table 3) .
Meta-Analysis
The overall OR in the meta-analysis of all controlled trials with paracetamol after acute stroke did not indicate a difference between paracetamol and placebo (OR, 1.04; 95% CI, 0.87-1.25; Figure 2) . 7, 8, [14] [15] [16] Figure III in the online-only Data Supplement shows the meta-analysis of data from patients with a baseline temperature of ≥36.5°C, with similar results (overall OR, 1.08; 95% CI, 0.88-1.33).
Discussion
In this prematurely terminated small trial in patients with acute stroke and a body temperature of ≥36.5°C, we found that treatment with high-dose paracetamol was safe, but did not improve functional outcome at 3 months. Treatment with paracetamol lowered body temperature by 0.3°C.
Therapeutic hypothermia has been accepted as an effective treatment after cardiac arrest 17 and in hypoxic-ischemic encephalopathy in neonates. 18 An important issue in the ongoing discussion on cardiac arrest is the optimal target temperature. A recent study showed that a target temperature of 36.0°C may be noninferior to therapeutic hypothermia aiming at a body temperature of 33.0°C to 34.0°C. 19 In that study, patients who were maintained at a target of 36.0°C seemed to have less serious side effects, including hypokalemia, pneumonia, and bleeding complications, but these differences were not statistically significant, except for hypokalemia (P=0.02). 19 Other subjects of debate are time to initiation of hypothermia, time to achieve target temperature, treatment duration, and rewarming methods. 20 These issues are also applicable to therapeutic hypothermia in acute stroke. 21 Although clinical studies assessing the effect of therapeutic hypothermia on outcome after acute stroke have to date been too small to demonstrate a benefit, pharmacological treatment aimed at maintaining normothermia may be an alternative. Six studies have been performed on pharmacological hypothermia in acute stroke. Five of these studies used paracetamol as antipyretic drug. 22 These studies, except for PAIS, were small and designed to test safety and feasibility. They showed no effect on outcome. In PAIS, more patients in the paracetamol group than in the placebo group improved beyond expectation, but this effect was just not statistically significant (adjusted OR, 1.20; 95% CI, 0.96-1.50). In a post hoc analysis of a subgroup of patients with a body temperature of ≥37.0°C, treatment with paracetamol was associated with improved outcome. A previous meta-analysis using a dichotomized outcome showed a trend toward a favorable effect of temperature-lowering treatment. 22 Furthermore, the QASC trial (Quality in Acute Stroke Care) showed that early detection and management of fever (body temperature >37.5°C), swallowing difficulties, and hyperglycemia led to a significantly higher chance of being alive or independent during follow-up. 23 This trial was, however, not designed to determine which of these interventions made the difference.
The results of PAIS 2 are neutral. However, because of serious lack of power, we cannot exclude an alternative result. We updated the previous meta-analysis with the results of PAIS 2 ( Figure 2 ) and found no significant difference between temperature-lowering treatment and control in the proportion of patients who were alive and independent (mRS score ≤2; overall OR, 1.04; 95% CI, 0.87-1.25). We also performed a metaanalysis of data of all patients with a baseline temperature of ≥36.5°C ( Figure III in the online-only Data Supplement), which showed comparable results (overall OR, 1.08; 95% CI, 0.88-1.33). However, these analyses were binary and did not have the advantage of ordinal regression analysis.
The main limitation of this study is that it was preliminarily stopped, and therefore, the study is strongly underpowered to detect a difference in functional outcome after treatment with high-dose paracetamol in acute stroke. Patient recruitment was low, which was most likely caused by the low intensity of trial coordination activities, such as creating awareness for the study and providing information, feedback, and support to the participating centers. This was a consequence of the low budget. The simultaneous conduct of several large randomized clinical trials of acute stroke treatment in The Netherlands also added to the low recruitment rate. A strength of the study is that it allowed us to update the meta-analysis with the results of this study.
The results of PAIS 2 provide no evidence for the routine use of high-dose paracetamol in acute stroke. Although the relative effect may be low, an absolute risk reduction in unfavorable outcome of 5% may be clinically relevant, considering the large number of patients involved and the simple, safe, and cheap nature of the therapy. Taking into account the results of the updated meta-analysis, such a moderate effect could not be excluded. Further large clinical trials are necessary to further explore this finding. This will be assessed in the PRECIOUS trial (Prevention of Complications to Improve Outcome in Elderly Patients With Stroke; https://www.precious-trial.eu).
Conclusions
Treatment with paracetamol after acute stroke seems to be safe. However, the effect of treatment with high-dose paracetamol after acute stroke remains unclear. A large trial of early treatment with paracetamol after acute stroke is needed to answer this question. 
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